An entirely new sensor approach for attitude
accuracyon the order of 2 degreesper axis (30) was achieved. Another experiment,Crista-SPAS [6] providedthe first on-orbit demonstrationof real-time attitude determination. The spacecraft contained an accurategyro reference,but the coordinateframe alignmentwas not measuredrelative to the GPS attitude reference frame, which means that discrepanciesbetweenthe two reference frames might accountfor slightly different measurements from the two systems.Over the courseof the experiment, the two sets of attitude solutions agreedto within 2 degrees, which was thought to be within the alignment tolerance of the two referenceframes. The first extendedreal-time GPS based attitude determinationmission was flown on the REX-II spacecraft [7] , which testedactualattitudecontrol using GPSattitudemeasurements. Figure  6 . The configurations considered in this study are summarized in Table  1 (EFOV-1 corresponds to regions covered by one element, and likewise for EFOV-2 and EFOV-3). 
The optimal solution for the attitude matrix is given by [ 17] (2)
where
The covariance of the estimation error angle vector in the body frame is given by
(, 
L cosOi
The true (error-free) unit vector is given by
If the error distribution is axially symmetric about b_ e (which is a reasonable assumption for the GPS sensor), then the variance of the body measurement process for a uniform distribution over a circle of radius Pi can be determined by 0-/2 = 1E{sin2 O} = lI_ which leads to
Note that ifpi is small, then the standard deviation can be accurately approximated by 0-i = Pi/2.
Determining the optimal weights in Equation (1) This is a good approximation even for large values of p (see Figure 7) . Next, it is assumed that the same approximation holds true for the overlapping case; so that the weight for the overlapping region is given by Wi = 4_/_'2i, and the weight for the non-overlapping region is given by w i = Therefore, as the area of the small circle decreases, more weight is placed on that measurement in the attitude determination, which intuitively makes sense. The case for triple overlaps becomes increasingly complex; however, for this study this case yields areas that are approximately equal so that Equation (13) is a good approximation for the EFOVs. Figure  8 . In general, the more available SV's the more accurate the attitude (the separation angle affects attitude accuracy as well). A plot of the attitude error/with 3or bounds is shown in Figure  9 . Since gyros are not used for this case, the angular velocity is assumed to be perfect (i.e., given by the one revolution-per-orbit motion). This assumption is not exact, since external disturbances and control errors are present in the actual system. These general involve dynamic coupling in the roll/yaw axis for Earth pointing spacecraft, which are modeled by adding a bias to the pitch rate andsinewaveto the roll andyaw axeswith a 90 degreephasedifference (seeRef.
[ 18] for details). The simple filter is given by
where At is the sampling interval in seconds, q---kis the determined attitude at time tk, glk is the estimated attitude at time tk, and a is a scalar gain. This gain can be determined by minimizing the attitude errors from the simulated runs. A value that is too small adds too much model correction, and tends to neglect measurements. A value that is too large adds too much measurement noise, and tends to neglect model corrections.
A value of a = 0.1 was determined to be optimal. Also, the steady-state attitude errorcovariance is given by [ 18] b P
2-a A plot of the attitude errors and 30" bounds using the simple filter is shown in Figure  10 . Clearly, the attitude accuracy can be improved by nearly a factor of four. This simulation case clearly indicates that attitude determination using the simple sensor scheme is viable.
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